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Abstract 
Indirect evaporative cooling system to produce cold water and indirect evaporative cooling system to produce cooling air are 
compared in this paper. From the process transformation, to remove the same quantity of indoor heat, the indirect evaporative air 
cooler system produces much more cooling energy in which more than a half is wasted to cool fresh air and also more heat transfer 
area are used. Also the transportation electricity consumption is much higher when using cooling air than using cold water. Two 
real applications are given, from the field testing data, the system COP of the indirect evaporative cooling system to produce cold 
water was 4.6~5.9, which is 1~2 higher than the system COP of the system to produce cooling air. Thus, using the indirect 
evaporative chillers to produce cold water to remove indoor sensible heat is better than using the indirect evaporative air coolers to 
produce cooling air.  
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ISHVACCOBEE 2015. 
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1. Introduction 
Indirect evaporative cooling (IEC) technology has raised more and more attention in recent years, as using this kind 
of technology, cold air [1] or cold water[2] with temperature lower than inlet air wet bulb temperature can be produced, 
which largely extend the application climate compared with direct evaporative cooling  technology. 
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Nomenclature  
cp specific heat       (kJ/(kgЬK))   Subscripts 
G mass flow rate       (kg/s)                                          s supply air        
Q quantity of heat       (kW)                                          wb wet bulb temperature  
t temperature                (°C)                                           dp dew point temperature 
                                                                                                    o outside air 
 
Extract from the cooling working medium, there are mainly two kinds of IEC processes, the first is to produce 
cooling air, the second is to produce cold water. 
For the first kind of IEC process, indirect evaporative air cooler has been studied and developed for a long history. 
It can be divided into several kinds of processes according to the conditions of the secondary air.  For example, one 
part of the inlet air can be used as the secondary air [3][4][5] or one part of the outlet air can be used as the secondary 
air[1]. For the type using outlet air as the secondary air, the outlet air temperature can be lower than the inlet wet bulb 
temperature. 
In recent 10 years, the indirect evaporative process to produce cold water, called indirect evaporative chiller is 
prompted [2], with the produced cold water temperature lower than the inlet wet bulb temperature and the limit is the 
inlet dew point temperature. In dry area, with outdoor dew point temperature lower than 15ć, the produced cold water 
temperature can be 16~19ć, which can be used as the building cooling source instead of common mechanical 
compressed chiller. As the driving source is outdoor dry air not electricity, 40%~70% energy consumption can be 
saved using the indirect evaporative chiller compared with common chiller systems. Thus, the indirect evaporative 
chiller system is used more and more widely and rapidly in recent years in northwest of China [6] and has a great 
potential using in dry regions in the world [7]. 
The above two kinds of IEC processes, constructed different IEC systems. For indirect evaporative air cooler, 
cooling air is produced and then transported into room to remove indoor heat load directly. For indirect evaporative 
chiller, cold water is produced and then transported into indoor terminals to remove indoor sensible heat through 
indoor terminals. Thus, there are much difference between these two kinds of IEC systems, including IEC processes, 
the transportation system and indoor terminals. How to choose these two different IEC systems is a basic and important 
problem when designing IEC systems. 
Thus, in this paper, this two kinds of IEC systems, to produce cooling air and to produce cold water, are compared 
thoroughly both by theoretical analysis and real applications comparison. 
 
2. Indirect evaporative air cooler and its systems 
2.1. Principle of Four Basic Kinds of IEC Coolers 
From the different technical methods, the IEC air coolers can also be divided into two basic types, the first type is 
called internal cooling type IEC cooler, in which the sensible heat transfer process between the first air side and the 
secondary air side and the direct evaporative cooling process are combined together. Fig.1 shows the principle of two 
kinds of internal cooling type with different secondary air sources. The second type is called external cooling type IEC 
cooler, in which the sensible heat transfer process between the first air side and the secondary air side is carried out 
through an independent air cooler, and the direct evaporative cooling process is carried out through another 
independent padding tower. Fig. 2 shows two kinds of the external cooling type IEC coolers with different secondary 
air sources. 
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(a)                                          (b) 
Fig. 1. Internal cooling IEC coolers 
 
(a)                                          (b) 
Fig. 2. External Cooling IEC coolers 
2.2. Thermal performance of the four basic IEC coolers 
The main factors to influence the thermal performance of the IEC coolers are the secondary air source and the heat 
and mass transfer performance of the inside processes.  
When using the inlet fresh air as the secondary air, the limit cold water temperature produced by the evaporative 
cooling process is the inlet wet bulb temperature, thus the supply air limit temperature is inlet wet bulb temperature, 
as for processes shown in Fig. 1(a) and Fig. 2(a).  
When using one part of the supply air as the secondary air, with suitable flow rate ratio between the secondary air 
and the supply air, the limit cold water temperature produced by the evaporative cooling process is the inlet dew point 
temperature, thus the limit supply air temperature is inlet dew point temperature, as for processes shown in Fig. 1(b) 
and Fig. 2(b). 
Then, for the internal cooling IEC coolers, cross current heat transfer processes are commonly used between the 
primary air and the secondary air. Thus the supply air temperature cannot reach the limit dew point temperature 
discussed above.  
The indoor heat Qr removed by the IEC coolers can be described by: 
                                                                        U V SD U V4 * F W W                                                                         (1) 
Where Gs represents the supply air flow rate, tr represents the room temperature, ts represents the supply air 
temperature, cpa represents the specific heat of air. 
From formula (1), the lower the supply air temperature ts, the more indoor heat removed by the IEC coolers. Table 
1 gives the comparison of the supply air temperature and the ability to remove indoor heat for the four kinds of IEC 
coolers shown in Fig. 1 and Fig. 2. 
From Table 1, the external cooling IEC cooler with part of the supply air as the secondary air is the process with 
the highest thermal performance, with the lowest supply air temperature and the highest ability to remove indoor heat. 
The internal cooling IEC cooler with outdoor air as the secondary air is the process with the lowest thermal 
performance, with the highest supply air temperature and the lowest ability to remove indoor heat. 
 
 
 
Inlet air Supply air 
Exhaust air 
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Table 1. Thermal performance comparison of four kinds of IEC coolers 
Different IEC coolers Supply air 
temperature limit 
Ability to remove 
indoor heat 
Cooling 
medium 
Internal cooling IEC coolers, using outdoor air as the secondary 
air, Fig.1 (a). ts>twb,o The lowest air 
Internal cooling IEC coolers, using one part of the supply air as 
the secondary air, Fig. 1(b). tdp,o <ts<twb,o Higher air 
External cooling IEC coolers, using outdoor air as the 
secondary air, Fig. 2(a). ts=twb,o Lower 
water and 
air 
External cooling IEC coolers, using one part of the supply air 
as the secondary air, Fig. 2(b). ts=tdp,o The highest air 
2.3. Transportation performance of the four basic IEC coolers 
For the internal cooling IEC coolers shown in Fig. 1, the cooling medium to remove indoor heat is air. For the 
external cooling IEC coolers shown in Fig. 2, the cooling medium to remove indoor heat is also air. However, for the 
process shown in Fig. 2(a), it can be recognized to consist of a cooling tower and a fresh air handling unit, in which 
the cooling water is produce by the cooling tower and then pumped into the fresh air handling unit. Thus, for the 
process shown in Fig. 2(a), a semi centralized system can be designed, in which the centralized cooling water is 
produced by a big cooling tower and then pumped into multi fresh air handling units to cool fresh air. Thus, the cooling 
medium is water between the cooling tower and the fresh air handling unit, and the cooling medium is air to remove 
indoor heat. 
To remove the same quantity of indoor heat, as the specific heat of air is less than 1/4 of the water specific heat, the 
air mass flow rate is more than four times as water flow rate. Also the pressure drop of air duct is higher, thus the 
electricity consumption of air fan is much higher than the electricity consumption of water pump, always 4~6 times 
more.  Thus it is better to choose cold water as the cooling medium not cooling air, which indicates one of the main 
drawbacks of IEC coolers compared with the following introduced IEC chillers.   
From the ability to remove indoor heat, the external cooling IEC cooler with part of the supply air as the secondary 
air is the best type, while as the cooling medium is air which need large space for air duct and more electricity 
consumed by air fans, the applications of IEC cooler is largely limited. 
3. The indirect evaporative chiller and its system 
Using cold water as the cooling medium instead of air, the indirect evaporative chiller is prompted in recent 10 
years in China (Jiang and Xie 2010). The principle and the process of the indirect evaporative chiller is shown in Fig. 
3(a).   
As Fig. 3 shows, the indirect evaporative chiller mainly consists of an air cooler, a packing tower, water pumps and 
an exhaust air fan. The inlet air at state O is first cooled to A through the air cooler, with its temperature lowered but 
humidity ratio not changed. Then air at state A goes into the packing tower from the bottom of the tower and directly 
contact with the spraying water from the top of the tower, thus a counter current heat and mass transfer process is 
carried out between air and water in the packing tower.  After that air changes to state E and exhausted out of the 
chiller. At the same time, cold water is produced at the bottom of the packing tower, the cold water is divided into two 
parts, the part with larger water flow rate is pumped into user heat exchangers to remove indoor heat and itself heated 
to temperature tw,r,  and the part with lower water flow rate is pumped into the air cooler to cool the inlet air and the 
water itself is heated to tw,1, two parts of the return water mixed to temperature tw,sp and then spraying at the top of 
the packing tower to produce the cold water at temperature tw.  
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Fig. 3. (a) Principle of the indirect evaporative chiller; (b) cold water producing process 
It can be proved that when the flow rate ratio between the two parts of the water is designed to be a matching value 
and the NTU of the counter current air cooler and the NTU of the counter current packing tower is approaching infinite, 
the produced cold water temperature can reach the dew point temperature (Jiang and Xie 2010). 
Thus, using the indirect evaporative chiller, the cooling medium is water, and the limit cold water temperature is 
dew point temperature. The transportation electricity consumption is much lower than the IEC air coolers as cold water 
is used instead of cooling air. 
 
4. COMPARISON OF THE IEC CHILLER SYSTEM AND IEC COOLER SYSTEM 
4.1. Theoretical Comparison by Process Transformation 
From the refrigeration process its self, the difference between the indirect evaporative chiller and the best IEC 
cooler (shown in Fig. 2(b)) can be seen clearly after the process transformation of the best IEC cooler, as Fig. 4 shows. 
 
                                       
Fig. 4. Transformed external cooling IEC cooler.   
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Fig. 5. Indirect evaporative chiller 
For the best IEC cooler, as shown in Fig. 2(b), it can be easily transformed into the process as shown in Fig. 4.  
From Fig. 4, we can see clearly that the transformed best IEC cooler consists of an indirect evaporative chiller and an 
outdoor air cooler. For the indirect evaporative chiller system, the process can also be drawn as shown in Fig. 5, which 
consists of an indirect evaporative chiller and an indoor air cooler. Thus, for the best IEC cooler, the air cooler is to 
cool outdoor air, while for the indirect evaporative chiller, the air cooler is to cool indoor air. 
Thus, the benefits of indirect evaporative chiller system are very obviously, compared with the best IEC cooler 
systems: 
(1) To cool indoor air instead of outdoor air to get the same supply air temperature, the heat exchange area for air 
cooler is saved. 
(2) The total produced cooling energy the indirect evaporative chiller is largely lowered, and the heat and mass 
transfer area in the packing can be lowered as well. 
(3) The cooling medium is cold water and water can be distributed to each indoor terminals to remove the indoor 
heat locally, thus the electricity consumption for transportation can be reduced largely.  
(4) The indoor terminals can be radiant terminal or fan coil units, which can be adjusted with much more flexibility, 
compared with air supply terminals. 
 
4.2. Comparison from real applications of the two kinds of systems 
The indirect evaporative chiller has been used in more than 2000,000 m2 buildings in dry places since it was 
developed. We tested the real performance of the developed systems, including the thermal performance and the 
electricity consumption. Here two typical applications are chosen to show the practical performance of real systems. 
 
(1) The application in Xinjiang Traditional Medicine Hospital 
The building is shown in Fig. 6, with building area 13000m2. The indirect evaporative cooling system is shown in 
Fig. 7. In the system, cold water is produced by the indirect evaporative chiller and then pumped into indoor Fan Coil 
Units to remove indoor sensible heat; cooling fresh air is produced by the indirect evaporative air cooler and then 
supplied into the building through air outlets. Field test is carried out for the real system, as shown in Fig. 8.  
 
From fig. 8(a), the produced cold water temperature is at about 15~17ć, lower than the wet bulb temperature of 
inlet air and higher than the dew point temperature of inlet air; the cooling air temperature is at about 19~20ć and 
more or less at the inlet wet bulb temperature. The total sensible heat removed by indirect evaporative cooling system 
Indirect 
evaporative 
chiller
Air cooler
Exhaust air 
Outdoor air 
Indoor air 
Supply air 
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is about 400kW during the field testing period, as shown in fig. 8(b), and the ratio of sensible heat removed by cold 
water is 0.4~0.6, as shown in fig. 8(c). 
 
 
Fig. 6 The application building.         
 
Fig. 7. The indirect evaporative cooling system 
              
Fig. 8. Field test performance of the indirect evaporative cooling system 
The electricity consumption is also tested during the field testing period, by using the real testing data, the system 
COP of both the cold water system and the cooling air system is obtained, as shown in Table 2 and Table 3. The system 
COP is defined by the indoor sensible heat removed by cold water or cooling air divided by the total electricity 
consumption of the system. For cold water system, the system total electricity consumption includes the electricity 
consumption of the indirect evaporative chiller, the system water pump and the terminal FCUs. For the cooling water 
system, the system total electricity consumption includes the electricity consumption of the indirect evaporative air 
cooler and the supply air fan. 
Table 2. Electricity consumption and system COP of IEC chiller system 
Indoor sensible heat 
removed by cold water 
(kW) 
Exhaust air fan electricity 
consumption (kW) 
water pump electricity 
consumption (kW) 
Terminal FCUs 
electricity 
consumption(kW) 
system COP of cold 
water system 
219 13.8 14.9 19.2 4.6 
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Table 3. Electricity consumption and system COP of IEC cooler system 
Indoor sensible heat 
removed by supply air 
(kW) 
Exhaust air fan 
electricity consumption 
(kW) 
supply air fan electricity 
consumption (kW) 
system COP of cooling air 
system 
169 13.5 28.3 4.05 
 
From Table 2, the system COP of the cold water system is 4.6. From Table 3, the system COP of the cooling air 
system is 4.05, lower than the cold water system. For the cooling air system, the electricity consumption of the supply 
air fan takes the largest part, and is about two times of the electricity consumption of the water pump for supplying 
cold water in cold water system. For the cold water system, the electricity consumption of the indoor FCUs takes the 
largest part, and if the radiant terminals was used instead of the FCUs, the system electricity consumption of the cold 
water system would be decreased obviously and the system COP of the cold water system would be increased and the 
advantage of the cold water system would be more obviously. The following application just shows such a system 
with radiant floor as the sensible heat terminals. 
 
(2) The application in a small office building in Xinjiang Province  
The building is a small office building, with building area about 1000m2, as shown in Fig. 9. For this building, an 
indirect evaporative chiller combined air cooler is used to produce cold water and cooling fresh air at the same time, 
as shown in Fig. 10. The cold water is produced by the indirect evaporative cooling device and then pumped into 
indoor radiant floor to remove indoor sensible heat. At the same time, the cooling fresh air is produced by the same 
device to supply into room for fresh air demand.  
 
 
Fig. 9. Indoor photo of the application building.  
 
Fig. 10. The system principle 
Indirect evaporative
chiller combined air
cooler
cooling fresh air
cold water
radiant floor
Building
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Fig. 11. Field testing performance of the indirect evaporative cooling system 
Table 4. Electricity consumption of IEC chiller combined IEC air cooler systems 
Internal water pump 
(kW) 
Exhaust air fan electricity 
consumption (kW) 
supply air fan 
electricity 
consumption (kW)  
Supply water pump 
electricity consumption (kW) 
1.96 2.58 1.76 1.16 
 
Table 5. Testing COP of IEC chiller combined IEC air cooler systems 
Indoor sensible heat 
removed by cold water 
(kW) 
Indoor sensible heat 
removed by supply air 
(kW) 
 Total electricity 
consumption of cold 
water system (kW) 
Total electricity 
consumption of cooling 
air system (kW) 
cold water 
system COP  
cooling air 
system 
COP  
30 10 5.055 2.405 5.93 4.16 
 
The electricity consumption of the whole system is shown in Table 4~Table 5. The sensible heat removed by the 
cold water is about 3 times of the sensible heat removed by the cooling air, while the electricity consumption of supply 
water pump is about 50% lower than that of supply air fan, which indicates that the transportation electricity 
consumption using air as the medium is much higher than using water. The system COP is shown in Table 5. As the 
cold water and cooling air are produced at the same time, the electricity consumption of the exhaust air fan is divided 
into two parts proportional to the sensible heat removing ratio of cold water system and cooling air system. Thus from 
Table 5, the system COP of cold water system is 5.93, which is much higher than the system COP of cooling air system 
with COP 4.16. For this application, the sensible heat terminal of the cold water system is radiant floor, with no 
terminal electricity consumption compared with FCUs, which is also an important reason of the increase of the system 
COP of cold water system. From the field testing results of the real applications, the cold water system is better than 
the cooling air system according to the lower electricity consumption and higher system COP. 
5. CONCLUSION 
In this paper, two kinds of indirect evaporative cooling systems are compared, which are indirect evaporative air 
cooler system and indirect evaporative chiller system. The best indirect evaporative air cooler system is analysed to 
be an external indirect evaporative air cooler with one part of the supply air as the secondary air. The indirect 
evaporative chiller system is introduced, with the outlet water limit temperature being inlet dew point temperature. By 
the process transformation, the feature difference is found. First, to remove the same quantity of indoor heat, the 
indirect evaporative air cooler system produces much more cooling energy in which more than half is wasted to cool 
fresh air and more heat transfer area are used to produce the excess cooling energy. Second, the transportation 
electricity consumption of the indirect evaporative air cooler system is much higher than the indirect evaporative 
chiller system. Finally, two real applications are given. Through the field testing data, the system COP of the indirect 
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evaporative chiller system is 4.6~5.9, which is 1~2 higher than the indirect evaporative air cooler system. Thus, the 
indirect evaporative cooling system to produce cold water is better than to produce cooling air in both electricity 
consumption and heat transfer area input. The flow rate of fresh air of indirect evaporative cooling system is just to 
meet the health demand, and the indoor sensible heat should be removed by cold water not cooling air. 
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